CINERADIOGRAPHY,I combined echophonocardiography2 (with M mode techniques), and two-dimensional echocardiography3 have been used to detect and characterize prosthetic valve dysfunction objectively. However, their sensitivity and specificity have not been substantiated. This reflects, in part, the modest populations in individual studies, difficulties encountered in defining parameters of normal prosthetic valves,4 and the lack of quantitative information suitable for comparison of individual patients. The addition of Doppler techniques to conventional echocardiography presents a promising approach for
noninvasive evaluation of transvalvular flow patterns.5 6 However, little information is available concerning their application to patients with prosthetic heart valves. The St. Jude Medical valve is a low-profile, bileaflet mechanical prosthesis, recently approved for clinical use in the United States. Among the mechanical prostheses, dynamic studies performed in vitro have demonstrated that the St. Jude valve permits flow through the center of the prosthesis in contrast to the tilting disc and ball-in-cage valves that exhibit semicentral or peripheral flow, respectively.", 12 As a result, the St. Jude valve presumably has excellent hemodynamic performance in the mitral or aortic position. This Aortic valve examination. Evaluation of native and prosthetic aortic valves was performed by systematically examining the patients with the transducer in the apical, left parasternal, suprasternal, and right parasternal positions. The apical position proved to be the most productive. In the case of prosthetic valves, it was possible to "thread" the sample volume through the valve from the left ventricular outflow tract to the ascending aorta. Again, an attempt was made to locate the valve plane perpendicular to the transmit beam. Pulsed-and continuouswave modes were used as described for the mitral valve. After aortic outflow had been examined, the subvalvular region was inspected for transvalvular or paravalvular leaks.
Calculations. M mode measurements of ring diameter and leaflet separation in prosthetic valves were performed in a manner similar to that described by Tri et al. 15 Peak flow velocity was derived from visual inspection of the Doppier spectrum analysis plot, which was calibrated in meters per second. Mean velocity was calculated after planimetry of the area of the velocity spectrum depicted in the analysis plot. Pressure half-time, time-to-peak flow, and time-to-peak flow/left ventricular ejection time were calculated as described elsewhere. 16, 1 " All calculations were the average of four cardiac cycles for patients in sinus rhythm and eight cardiac cycles for patients in atrial fibrillation. These computations are schematically depicted in figure 
Results
Native valves. Healthy subjects had normal M mode and two-dimensional echocardiographic studies. The Doppler velocity spectra of mitral valves typically exhibited a narrow band that described an M-shaped pattern, corresponding to an early and late diastolic increase in inflow velocity (figure 2, top). The velocity spectra of aortic valves rose rapidly to a sharp peak and then had a more gradual return to baseline (figure 3, top). The velocities in the aortic valve spectra were also distributed in a narrow band. Maximum velocities across mitral and aortic valves were less than 1.00 and 1.64 m/sec, respectively, as shown in table 1.
Prosthetic valves
Mitral position. Among the 13 patients with St. Jude mitral prostheses, seven had a 29 mm valve and six had a 31 mm prosthesis implanted. Nine patients were in NYHA functional class I and four patients were in class II. All patients were free of congestive failure as evidenced by a lack of pedal edema, pulmonary rales, jugular venous distention, or a third heart sound.
Opening and closing prosthetic valve sounds were present during cardiac auscultation in all patients. The
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M MODE ECHOCARDIOGRAPHY. Considerable variability in both the orifice ring diameter and the valve leaflet separation was found with diameter values ranging from 1.5 to 2.3 cm and leaflet separation from 0.25 to 0.5 cm. These results bore little relationship to the true geometric values of the valves (St. Jude Medical Valve specifications, St. Paul, MN). In addition, the leaflets exhibited marked variation of their location within the ring during diastole, ranging from a central position where both leaflets were well visualized with similar excursions, to an eccentric position with the leaflet adjacent to the ring echoes. In most cases, the leaflets were located at various positions between these two extremes (figure 4). There was no relationship between the extent of leaflet separation and the degree of eccentricity of the leaflets within the valve ring. of systole, a more gradual decline to baseline, and velocities that distributed in a narrow band. Time-topeak flow averaged 82.7 msec. Comparison between the flow characteristics of prosthetic valves with those of native valves in healthy subjects revealed significant differences in maximum and mean velocity (table 1) . Time-to-peak flow corrected by left ventricular ejection time was less than 0.5 in all patients. Although the number of patients with each size valve was too small to allow a comparison between valve sizes, larger valves tended to generate smaller mean and peak flow velocities.
The relationship of prosthetic geometric orifice area vs mean and peak flow velocity is depicted in figure 7 . Paraprosthetic leaks were detected in three patients, one of whom had a diastolic murmur on physical examination attributed to pulmonic insufficiency from correction of tetralogy of Fallot ( figure 6 ). In the other two patients paravalvular leaks were unsuspected. Of particular interest was our ability to "thread" the St.
Jude valve in the aortic position. By gradually advancing the sample volume to the valve ring from the left ventricle, a gradual increase in flow velocity in the aortic outflow tract was appreciated. However, a sudden marked increase in flow velocity was noted when the sample volume crossed the plane of the valve.
Discussion
Our results demonstrate that Doppler echocardiography provides a functional assessment of the St. Jude PATHOPHYSIOLOGY AND NATURAL HISTORY-PROSTHETIC VALVES aortic velocity spectra approached the maximum size that could be displayed in the pulsed mode. Hence, when the Doppler shift approached the limits of the Nyquist range, it was advantageous to switch to continuous-wave mode to confirm that maximum velocities were not obscured by signal aliasing.
We chose healthy subjects as a comparison group rather than an age-matched population to minimize the possibility of including individuals with minimal valvular or myocardial disease. The flow velocity parameters of an age-matched comparison group are expected to be lower23 than those in the healthy group we studied. Therefore, if an older age group had been used for comparison, the observed differences from flow velocities in prosthetic valves would have been greater.
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